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  An  apparatus  for  and  method  of  controlling  an  internal 
combustion  engine  including  means  (15;  44)  for  controlling 
fuel  supplied  from  a  fuel  injector  (14)  disposed  to  intake  air 
passage  (5,  6)  to  the  engine  in  accordance  with  intake  air, 
means  (14)  for  supplying  additional  fuel  to  the  engine,  means 
(15;  46)  for  controlling  ignition  timing  of  the  engine  and  means 
(15;  42,  46)  for  correcting  the  ignition  timing  is  disclosed.  At 
the  time  of  acceleration,  additional  fuel  is  supplied  to  the  en- 
gine  and  then,  in  order  to  prevent  occurrence  of  backfire  or 
knock  in  the  engine,  the  ignition  timing  is  corrected  in  accord- 
ance  with  the  temperature  of  the  engine  so  that  the  ignition  ti- 
ming  is  more  advanced  at  lower  temperature  when  the  temper- 
ature  of  the  engine  is  lower  than  a  predetermined  temperature 
and  more  retarded  at  higher  temperature  when  the  tempera- 
ture  of  the  engine  is  higher  than  another  predetermined  tem- 
perature. 



BACKGROUND  OF  THE  INVENTION: 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s   f o r   a n d  

a  m e t h o d   of  c o n t r o l l i n g  a n   i n t e r n a l   c o m b u s t i o n   e n g i n e ,   a n d  

more   p a r t i c u l a r l y   to  an  a p p a r a t u s   f o r   and  a  m e t h o d   o f  

e l e c t r o n i c   c o n t r o l l i n g   an  i n t e r n a l   c o m b u s t i o n   e n g i n e   w h i c h  

is   p o s s i b l e   to  p r e v e n t   o c c u r r e n c e   of  b a c k f i r e   or  k n o c k   i n  

t h e   e n g i n e   d u r i n g   t h e   a c c e l e r a t i o n   of  t h e   e n g i n e .  

In  an  i n t e r n a l   c o m b u s t i o n   e n g i n e ,   a i r - f u e l   m i x t u r e   i s  

s u p p l i e d   to  t h e   e n g i n e .   A i r - f u e l   r a t i o   of  t h e   a i r - f u e l   m i x -  

t u r e   i s   f i x e d   to  a  p r e d e t e r m i n e d   r a t i o   in  o r d e r   to  o p e r a t e  

t h e   e n g i n e   a t   a  h i g h e r   e f f i c i e n c y .   T h e r e f o r e ,   i t   i s  

n e c c e s s a r y   to  c o n t r o l   t h e   q u a n t i t y   of  t h e   f u e l   s u p p l i e d   t o  

t h e   e n g i n e   in  a c c o r d a n c e   w i t h   t h e   q u a n t i t y   of  i n t a k e   a i r  

t a k e n   in  t he   e n g i n e .  

When  a  r a p i d   a c c e l e r a t i o n   of  t h e   e n g i n e   is  r e q u i r e d ,  

t h e  a i r - f u e l   m i x t u r e   b e c o m e s   l e a n   b e c a u s e   t h e   q u a n t i t y   o f  

t h e   i n t a k e   a i r   is  r a p i d l y   i n c r e a s e d   bu t   t h e   f u e l   does   n o t  

i n c r e a s e   so  r a p i d l y   t h a t   t h e   i n t a k e   a i r   is  i n c r e a s e d .  

T h e r e b y ,   t he   e n g i n e   t o r q u e   is   o f t e n   t e m p o r a r i l y   r e d u c e d .   As  

a  r e s u l t ,   t h e  r a p i d   a c c e l e r a t i o n   of  t he   e n g i n e   b a s e d   on  t h e  

r e q u i r e m e n t   of  t h e   o p e r a t o r   can  n o t   b e . p e r f o r m e d .  

For  s o l v i n g   t h i s   p r o b l e m ,   as  d e s c r i b e d   in  USP 

4 , 3 6 3 , 3 0 7 ,   a d d i t i o n a l   a c c e l e r a t i o n   f u e l   s u p p l y   is   t a k e n  

p l a c e .   T h a t   i s ,   a d d i t i o n a l   r u e l   is  s u p p l i e d   to  t he   e n g i n e  

in  a d d i t i o n   to  t h e   n o r m a l   f u e l   s u p p l y   a t   a  t i m e   of  r a p i d  



a c c e l e r a t i o n .  

In  t h i s   a d d i t i o n a l   a c c e l e r a t i o n   f u e l   s u p p l y ,   i t  

b e c o m e s   c l e a r   t h a t   p r o b l e m s   e x i s t   when  t he   t e m p e r a t u r e   o f  

t h e   e n g i n e   is  l o w e r   t h a n   c e r t a i n   t e m p e r a t u r e   or  t he   t e m -  

p e r a t u r e   is  h i g h e r   t h a n   a n o t h e r   c e r t a i n   t e m p e r a t u r e .   T h a t  

i s ,   when  t he   t e m p e r a t u r e   of  t he   e n g i n e   is  l o w e r   t h a n   c e r t a i n  

t e m p e r a t u r e ,   b a c k f i r e   may  o c c u r   and  when  t h e   t e m p e r a t u r e   o f  

t h e   e n g i n e   is  h i g h e r   t h a n   a n o t h e r   c e r t a i n   t e m p e r a t u r e ,   k n o c k  

in  t h e   e n g i n e   may  o c c u r .  

SUMMARY  OF  THE  INVENTION: 

An  o b j e c t   of  t h e   i n v e n t i o n   is  to   p r o v i d e   an  a p p a r a t u s  

f o r   and  a  m e t h o d   of  c o n t r o l l i n g   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   w h i c h   is  a b l e   to  p r e v e n t   o c c u r r e n c e   of  b a c k f i r e   o r  

k n o c k   in  t he   e n g i n e   d u r i n g   t he   a c c e l e r a t i o n   o p e r a t i o n .  

As  a  r e s u l t   of  i n v e n t e r s '   e x p e r i m e n t ,   i t   b e c o m e s  

c l e a r   t h a t   t he   o c c u r r e n c e   of  t h e   back   f i r e   and  k n o c k   in  t h e  

e n g i n e   on  an  a d d i t i o n a l   a c c e l e r a t i o n   f u e l   s u p p l y   is   p r e -  

v e n t e d   by  a d j u s t i n g   a  i g n i t i o n   t i m i n g   in  a c c o r d a n c e   w i t h   t h e  

t e m p e r a t u r e   of  t h e   e n g i n e .  

In  t he   p r e s e n t   i n v e n t i o n ,   when  t h e   t e m p e r a t u r e   of  t h e  

e n g i n e   is  l o w e r   t h a n   a  p r e d e t e r m i n e d   t e m p e r a t u r e ,   t he   i g n i -  

t i o n   t i m i n g   is  so  a d v a n c e d   in  a c c o r d a n c e   w i t h   t h e   t e m -  

p e r a t u r e   of  t h e   e n g i n e   t h a t   i g n i t i o n   t i m i n g   is  more   a d v a n c e d  

a t   l o w e r   t e m p e r a t u r e ,   and  when  t he   t e m p e r a t u r e   of  t h e   e n g i n e  

i s   h i g h e r   t h a n   a n o t h e r   p r e d e t e r m i n e d   t e m p e r a t u r e ,   t he   i g n i -  

t i o n   t i m i n g   is  so  r e t a r d e d   in  a c c o r d a n c e   w i t h   t h e   t e m -  

p e r a t u r e   of  t he   e n g i n e   t h a t   i g n i t i o n   t i m i n g   more   r e t a r d e d   a t  

h i g h e r   t e m p e r a t u r e .  



I f   t he   a d d i t i o n a l   a c c e l e r a t i o n   f u e l   s u p p l y   is   d o n e  

when  t he   t e m p e r a t u r e   of  t h e   e n g i n e   i s .  l o w ,   t he   f u e l   s u p p l i e d  

to   t h e   e n g i n e   may  n o t   be  b u r n e d   c o m p l e t e l y   d u r i n g   the   i g n i -  

t i o n   s t e p   or  m i s f i r e   may  o c c u r   in  t he   e n g i n e   b e c a u s e   t h e  

b u r n i n g   a c t i v i t y   of  t h e   f u e l   is  l o w .   T h e r e f o r e ,   t he   e x h a u s t  

gas  i n c l u d i n g   f u e l   w h i c h   has   no t   been   b u r n e d   in  t h e   e n g i n e  

is   e x h a u s t e d   f rom  t h e   e n g i n e   to  t h e   e x h a u s t   m a n i f o l d .  

B a c k f i r e   may  o c c u r   in  t h i s   con  d i t i o n .   In  t h i s   i n v e n t i o n ,  

i t   is   g i v e n   e n o u g h   t i m e   f o r   t h e   i g n i t i o n   s t e p   b e c a u s e   t h e  

i g n i t i o n   t i m i n g   is   more   a d v a n c e d   a t   low  t e m p e r a t u r e  

a c c o r d i n g   to  t h e   t e m p e r a t u r e .   T h e r e f o r e ,   i t   is   r e d u c e d   t h e  

p o s s i b i l i t y   t h a t   t h e   b a c k f i r e   o c c u r s .  

I f   t h e   a d d i t i o n a l   a c c e l e r a t i o n   f u e l   s u p p l y   is   d o n e  

when  t h e   t e m p e r a t u r e   of  t h e   e n g i n e   is  h i g h ,   t h e   f u e l  

s u p p l i e d   to  t h e   e n g i n e   i s - b u r n e d   q u i c k l y   when  i t   is  i g n i t e d  

b e c a u s e   t h e   b u r n i n g   a c t i v i t y   of  t h e   f u e l   i s   h i g h .  

T h e r e f o r e ,   power   w h i c h   is   a g a i n s t   to  t he   m o t i o n   of  t h e  

p i s t o n   is   a d d e d   to  t h e   p i s t o n   b e f o r e   t he   p i s t o n   has  r e a c h e d  

to  t h e   u p p e r   dead   p o i n t ,   t h e r e b y   k n o c k   is  o c c u r r e d .   In  t h i s  

c a s e ,   t h e   o c c u r r e n c e   of  t h e   k n o c k   is  p r e v e n t e d   by  r e t a r d i n g  

t h e   i g n i t i o n   t i m i n g   a c c o r d i n g   to  t h e   t e m p e r a t u r e   of  t h e  

e n g i n e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

F i g .   1  is  a  s y s t e m   d i a g r a m   s h o w i n g   an  e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  is   a  b l o c k   d i a g r a m   s h o w i n g   an  e l e c t r o n i c  

c o n t r o l   c i r c u i t   15  in  F i g .   1 ;  

F i g .   3  is  a  f l o w   c h a r t   s h o w i n g   the   t a s k s   c a r r i e d   o u t  



in  t he   e l e c t r o n i c   c o n t r o l   c i r c u i t   1 5 ;  

F i g .   4  is   a  c h a r a c t e r i s t i c   d i a g r a m   s h o w i n g   the   r e l a -  

t i o n s h i p   b e t w e e n   w a t e r   t e m p e r a t u r e   and  c o r r e c t i o n   v a l u e   o f  

i g n i t i o n   t i m i n g .  

BRIEF  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS: 

An  e l e c t r o n i c   c o n t r o l   a p p a r a t u s   f o r   i n t e r n a l   c o m -  

b u s t i o n   e n g i n e   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   w i l l   now 

be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s .  

R e f e r r i n g   to  F i g .   1,  t h e   q u a n t i t i e s   of  a i r   t a k e n   f r o m  

an  a i r   c l e a n e r   1  is   c o n t r o l l e d   by  a  t h r o t t l e   v a l v e   4  w h i c h  

is   p r o v i d e d   to  a  t h r o t t l e   body  2  and  l i n k e d   to  an  a c c e l e r a -  

t i o n   p e d a l   3  w h i c h   is   o p e r a t e d   by  d r i v e r s ,   and  t h e n   t he   a i r  

i s   s u p p l i e d   to  a  c o m b u s t i o n   c h a m b e r   9  of  an  i n t e r n a l   c o m -  

b u s t i o n   e n g i n e   8  t h r o u g h   a  s u r g e   t a n k   5,  an  i n t a k e   m a n i f o l d  

6  and  a  i n t a k e   v a l v e   7.  A i r - f u e l   m i x t u r e   w h i c h   is   b u r n e d   i n  

t h e   c o m b u s t i o n   c h a m b e r   9  i s   e x h a u s t e d   to  t he   a t m o s p h e r e  

t h r o u g h   an  e x h a u s t   v a l v e   10  and  an  e x h a u s t   m a n i f o l d   11.  A 

f u e l   i n j e c t o r   14  is   p r o v i d e d   to  t h e   i n t a k e   m a n i f o l d   6 

c o r r e s p o n d i n g   to  t he   c o m b u s t i o n   c h a m b e r   9.  I t   is   a l s o  

p o s s i b l e   to  p r o v i d e   a  f u e l   i n j e c t o r   to  t h e   u p s t r e a m   s i d e   o f  

t h e   t h r o t t l e   v a l v e   4 .  

An  e l e c t r o n i c   c o n t r o l   c i r c u i t   15  is  b e i n g   c o m p r i s e d   a  

m i c r o   p r o c e s s o r   as  a  c a l c u l a t i n g   c i r c u i t ,   r e a d   o n l y   m e m o r y  

(ROM),  r a n d o m   a c c e s s   memory  (RAM)  a n d  i n p u t - o u t p u t   a p p a r a -  

t u s   ( I / O   p o r t ) .   The  e l e c t r o n i c   c o n t r o l   c i r c u i t   15  r e c e i v e s  

i n p u t   s i g n a l s   f rom  i d l e   s w i t c h   16  d e t e c t i n g   c l o s i n g   s t a t e   o f  

t h e   t h r o t t l e   v a l v e   4,  a  w a t e r   t e m p e r a t u r e   s e n s o r   18  b e i n g  

f i x e d   to  t h e   w a t e r   j a c k e t   17,   a  h o t   w i r e   t y p e   a i r   f l o w   m e t e r  



19  f o r   m e a s u r i n g   t he   q u a n t i t i e s   of  t he   i n t a k e   a i r ,   i n t a k e  

a i r   t e m p e r a t u r e   s e n s o r   20  f o r   d e t e c t i n g   t h e   t e m p e r a t u r e   o f  

t h e   i n t a k e   a i r ,   a  r o t a t i o n   a n g l e   s e n s o r   23  f o r   d e t e c t i n g   a  

r o t a t i o n   a n g l e   of  a  d i s t r i b u t o r   33  c o n n e c t e d   to  a  c r a n k  

s h a f t   ( n o t   shown)   in  o r d e r   to  d e t e c t ' t h e   r o t a t i o n   a n g l e   o f  

t h e   c r a n k   s h a f t   c o n n e c t e d   to  t h e   p i s t o n   21  t h r o u g h   a  c o n -  

n e c t i n g   rod   22,  i g n i t i o n   s w i t c h   24  and  s t a r t e r   s w i t c h   2 5 .  

The  r o t a t i o n   a n g l e   s e n s o r   23  is  c o m p o s e d   of  a  p o s i -  

t i o n   d e t e c t o r   26  w h i c h   g e n e r a t e s   p u l s e s   a t   e v e r y   two  r o t a -  

t i o n   of  t h e   c r a n k   s h a f t   and  an  a n g l e   d e t e c t o r   27  w h i c h  

p r o d u c e s   p u l s e s   a t   e v e r y   p r e d e t e r m i n e d   c r a n k   a n g l e ,   f o r  

e x a m p l e ,   3 0 ° .  

F u e l   is   p r e s s u r i z e d   by  a  f u e l   pump  31  and  t r a n s m i t t e d  

f rom  a  f u e l   t a n k   30  to  t h e   f u e l   i n j e c t o r   14  t h r o u g h   f u e l  

p a s a g e   29.  The  e l e c t r o n i c   c o n t r o l   c i r c u i t   15  c a l c u l a t e s  

q u a n t i t i e s   of  t he   f u e l   i n j e c t i o n   and  f u e l   i n j e c t i o n   t i m i n g  

and  s e n d s   t he   f u e l   i n j e c t i o n   p u l s e s   to  t h e   f u e l   i n j e c t o r   1 4 ,  

and  c a l c u l a t e s   i g n i t i o n   t i m i n g s   and  s e n d s   c u r r e n t   to  t h e  

i g n i t i o n   c o i l   32.  S e c o n d a r y   c u r r e n t   of  t h e   i g n i t i o n   c o i l   32 

is   s e n t   to  t he   d i s t r i b u t o r   33  and  d i s t r i b u t e d   to  each   i g n i -  

t i o n   p l u g   w h i c h   is  p r o v i d e d   in  t h e   c o m b u s t i o n   c h a m b e r   9 

t h r o u g h   t h e   d i s t r i b u t o r   3 3 .  

F i g .   2  shows  a  b l o c k   d i a g r a m   of  t he   e l e c t r o n i c  

c o n t r o l   c i r c u i t   15.  The  o u t p u t s   of  t h e   w a t e r   t e m p e r a t u r e  

s e n s o r   18,   t h e   a i r   f l o w   m e t e r   19  and  t he   i n t a k e   a i r   t e m -  

p e r a t u r e   s e n s o r   20  a r e   s e n t   to  an  A/D  c o n v e r t e r   34  and  c o n -  

v e r t e d   to  d i g i t a l   s i g n a l s .   A  r o t a t i o n   d e t e c t i n g   c i r c u i t   35 

i n c l u d e s   a  g a t e   w h i c h   is  o p e n e d   or  c l o s e d   by  p u l s e s   s e n t  



f rom  t h e   a n g l e   d e t e c t o r   27  of  t he   r o t a t i o n   a n g l e   s e n s o r   23 

and  a  c o u n t e r   w h i c h   c o u n t s   c l o c k   p u l s e s   s e n t   f rom  a  c l o c k  

p u l s e   g e n e r a t o r   36  t h r o u g h   t h i s   g a t e ,   a  v a l u e   w h i c h   is  i n  

i n v e r s e   p r o p o r t i o n   to  t he   number   of  t he   r o t a t i o n   i s  

g e n e r a t e d   as  an  o u t p u t   of  t he   c o u n t e r .  

The  o u t p u t s   of  t he   i d l e   s w i t c h   16,   t he   i g n i t i o n  

s w i t c h   24,  t he   s t a r t e r   s w i t c h   25  and  t he   p o s i t i o n   d e t e c t o r  

26  of  t h e   r o t a t i o n   a n g l e   s e n s o r   23  a r e   t e m p o r a r i l y   s t o r e d   i n  

a  l a t c h   c i r c u i t   37.   The  m i c r o   p r o c e s s o r   40  is   c o n n e c t e d   t o  

t h e   ROM  42,  t h e   RAM  43,  t he   A/D  c o n v e r t e r   34,  t h e   r o t a t i o n  

d e t e c t i n g   c i r c u i t   35  and  t h e   l a t c h   c i r c u i t   37  t h r o u g h   a  b u s s  

l i n e   41  and  c a l c u l a t e s   t he   q u a n t i t i e s   of  t h e   f u e l   to  b e  

i n j e c t e d   u n d e r   c e r t a i n   p r o g r a m .   V a l u e s   w h i c h   a r e   in  p r o p o r -  

t i o n   to  t h e   q u a n t i t i e s   of  t h e   f u e l   to  be  i n j e c t e d   a r e  

m e m o r i z e d   in  a  f u e l   i n j e c t i o n   c o n t r o l   c i r c u i t   44.  An  o u t p u t  

p u l s e   of  t he   f u e l   i n j e c t i o n   c o n t r o l   c i r c u i t   44  is   f o r m e d  

when  the   m e m o r i z e d   v a l u e   c o i n c i d e s   w i t h   t h e   c l o c k   p u l s e   a n d  

t h e n   t h e   o u t p u t   p u l s e   is  s e n t   to  t h e   f u e l   i n j e c t o r   14  

t h r o u g h   d r i v i n g   c i r c u i t   4 5 .  

In  t h i s   a r r a n g e m e n t ,   an  a c c e l e r a t i o n   o p e r a t i o n   i s  

d e s c r i b e d   b a s e d   on  F i g .   3.  In  F i g .   3,  w h e t h e r   i t   is   a c c e -  

l e r a t i o n   c o n d i t i o n   or  n o t   is  d e t e r m i n e d   a t   a  s t e p   50.  I f   i t  

i s   no t   a c c e l e r a t i o n   c o n d i t i o n ,   n o r m a l   o p e r a t i o n   is   t a k e n  

p l a c e .   I f   i t   is  a c c e l e r a t i o n   c o n d i t i o n ,   a d d i t i o n a l   f u e l   t o  

be  i n j e c t e d   is  c a l c u l a t e d   and  t h e n   a d d i t i o n a l   a c c e l e r a t i o n  

- f u e l   s u p p l y   is  done  a t   a  s t e p   5 2 .  

N e x t ,   a t   a  s t e p   54,  an  c o r r e c t i o n   v a l u e   is  d e t e r m i n e d  

f rom  a  i g n i t i o n   t i m i n g   c o r r e c t i o n   map  and  w h i c h   is   in  a c c o r -  



d a n c e   w i t h   t h e   t e m p e r a t u r e   of  t h e   e n g i n e .   i t   is  p r e f e r a b l e  

t h a t   t h e   r e l a t i o n s h i p   b e t w e e n   t he   t e m p e r a t u r e   of  t h e   e n g i n e ,  

t h a t   i s ,   t he   w a t e r   t e m p e r a t u r e   and  t he   c o r r e c t i o n   v a l u e   i s  

d e t e r m i n e d   a c c o r d i n g   to  t h e   c h a r a c t e r i s t i c   d i a g r a m   shown  i n  

F i g .   4.  In  t he   c a s e   t h a t   t h e   w a t e r   t e m p e r a t u r e   i s   l o w e r  

t h a n   a  p r e d e t e r m i n e d   t e m p e r a t u r e ,   t h a t   i s ,   40°C,   t h e   c o r r e c -  

t i o n   v a l u e   is  t h a t   a d v a n c e d   a c c o r d i n g   t o  t h e   w a t e r   t e m -  

p e r a t u r e   bu t   t h e   a d v a n c e d   v a l u e   is   l i m i t e d   to  a t   m o s t   2 0 ° .  

On  t h e   o t h e r   h a n d ,   when  t h e   w a t e r   t e m p e r a t u r e   is  h i g h e r   t h a n  

a n o t h e r   p r e d e t e r m i n e d   t e m p e r a t u r e ,   t h a t   i s ,   80°C,   t h e  

c o r r e c t i o n   v a l u e   is  t h a t   r e t a r d e d   a c c o r d i n g   to  t he   w a t e r  

t e m p e r a t u r e   b u t   t h e   r e t a r d e d   v a l u e   is  l i m i t e d   to  a t   m o s t  

1 0 ° .   The  c o r r e c t i o n   map  is   s t o r e d   in  t he   ROM  42.  And,  a t   a  

s t e p   56,  t h e   c o r r e c t i o n   v a l u e   is  a d d e d   to  t he   b a s e   v a l u e   o f  

t h e   i g n i t i o n   t i m i n g   a t   t h a t   t i m e   and  t h e n   the   c o r r e c t e d  

i g n i t i o n   t i m i n g   t r a n s m i t t e d   to  t h e   i g n i t i o n   c o i l   is   d e t e r -  

m i n e d .  

Now,  t h e   a c c e l e r a t i o n   o p e r a t i o n   w i l l   be  d e s c r i b e d  

r e f e r r i n g   to  F i g .   2.  The  a c c e l e r a t i o n   c o n d i t i o n  i s  

d e t e c t e d ,   f o r   e x a m p l e ,   when  c h a n g e s   of  t he   i n t a k e   a i r   f l o w  

w h i c h   is  d e t e c t e d   by  t he   a i r   f l o w   m e t e r   19  a r e   more   r a p i d  

t h a n   a  p r e d e t e r m i n e d   v a l u e .   I f   t h e   a c c e l e r a t i o n   c o n d i t i o n  

is   d e t e c t e d ,   a  s i g n a l   is   t r a n s m i t t e d   to  t he   f u e l   i n j e c t i o n  

c o n t r o l   c i r c u i t   44,  an  a d d i t i o n a l   p u l s e   is  t r a n s m i t t e d   f r o m  

t h e   f u e l   i n j e c t i o n   c o n t r o l   c i r c u i t   44  to  t he   f u e l   i n j e c t o r  

14,   and  t h e n   a d d i t i o n a l   f u e l   is   i n j e c t e d   f rom  t he   f u e l  

i n j e c t o r   14.  On  the   o t h e r   h a n d ,   t he   a c c e l e r a t i o n   s i g n a l   i s  

t r a n s m i t t e d   to  t h e   i g n i t i o n   t i m i n g   c o n t r o l   c i r c u i t   46,  t h e  



c o r r e c t i o n   v a l u e   of  t h e   i g n i t i o n   t i m i n g  i s   d e t e r m i n e d  

a c c o r d i n g   to  t he   i g n i t i o n   t i m i n g   c o r r e c t i o n   map  s t o r e d   i n  

t h e   ROM  42  in  a c c o r d a n c e   w i t h   t he   w a t e r   t e m p e r a t u r e   s i g n a l  

d e t e c t e d   by  t he   w a t e r   t e m p e r a t u r e   s e n s o r   18,   and  t h e n   t h e  

i g n i t i o n   p u l s e   of  t he   c o r r e c t e d   i g n i t i o n   t i m i n g   w h i c h   i s  

g o t t e n   by  a d d i n g   t he   c o r r e c t i o n   v a l u e   to  t he   b a s e   v a l u e   i s  

t r a n s m i t t e d   f rom  i g n i t i o n   t i m i n g   c o n t r o l   c i r c u i t   46  to  t h e  

i g n i t i o n   c o i l   32  t h r o u g h   t h e   d r i v i n g   c i r c u i t   4 7 .  

By  t h i s   a r r a n g e m e n t ,   i t   can  be  p r e v e n t e d   to  o c c u r  

b a c k f i r e s   a t   low  t e m p e r a t u r e   of  t he   e n g i n e   and  k n o c k   a t   h i g h  

t e m p e r a t u r e .   T h e r e f o r e ,   good  a c c e l e r a t i o n   of  t h e   e n g i n e   i s  

p e r f o r m e d   in  a c c o r d a n c e   w i t h   t h e   a c c e l e r a t i o n   r e q u i r e m e n t   o f  

t h e   o p e r a t o r .  



1.  An  a p p a r a t u s   f o r   c o n t r o l l i n g   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e ,   c o m p r i s i n g :  

a  f u e l   c o n t r o l   m e a n s / f o r  c o n t r o l l i n g   f u e l   s u p p l i e d  
(5,  6) 

f rom  a  f u e l   i n j e c t o r   d i s p o s e d   to  i n t a k e   a i r   p a s s a g e / t o   s a i d  

e n g i n e   in  a c c o r d a n c e   w i t h   i n t a k e   a i r   t a k e n   in  s a i d   e n g i n e ;  
(14)  

an  a d d i t i o n a l   f u e l   s u p p l y   m e a n s / f o r   s u p p l y i n g   a d d i -  

t i o n a l   f u e l   to  s a i d   e n g i n e   a t   a  t i m e   of  a c c e l e r a t i o n   of  s a i d  

e n g i n e ;  
(15;  46) 

an  i g n i t i o n   t i m i n g   c o n t r o l   m e a n s / f o r   c o n t r o l l i n g  

i g n i t i o n   t i m i n g   of  s a i d   e n g i n e ;   a n d  
(15;  42,  46) 

an  i g n i t i o n   t i m i n g   c o r r e c t i o n   m e a n s / f o r   c o r r e c t i n g  

t h e   i g n i t i o n   t i m i n g   when  s a i d   a d d i t i o n a l   f u e l   s u p p l y   m e a n s  

has   s u p p l i e d   t h e   a d d i t i o n a l   f u e l ,   w h e r e i n   t he   i g n i t i o n  

t i m i n g   is   so  c o r r e c t e d   in  a c c o r d a n c e   w i t h   t he   t e m p e r a t u r e   o f  

s a i d   e n g i n e   t h a t   t he   i g n i t i n g   t i m i n g   is  more   a d v a n c e d   a t  

l o w e r   t e m p e r a t u r e   when  s a i d   t e m p e r a t u r e   of  s a i d   e n g i n e   i s  

l o w e r   t h a n   a  p r e d e t e r m i n e d   t e m p e r a t u r e .  

2.  The  a p p a r a t u s   f o r   c o n t r o l l i n g   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   a c c o r d i n g   to  C l a i m   1,  t he   t e m p e r a t u r e   of  s a i d   e n g i n e  

i s   d e t e c t e d   by  d e t e c t i n g   w a t e r   t e m p e r a t u r e   of  s a i d   e n g i n e .  

3.  The  a p p a r a t u s   f o r   c o n t r o l l i n g   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   a c c o r d i n g   to  C l a i m   1,  in  s a i d   i g n i t i o n   t i m i n g   c o r r e c -  
(15,  42,  46) 

t i o n   m e a n s /   t he   i g n i t i o n   t i m i n g   is   so  c o r r e c t e d   in  a c c o r -  

d a n c e   w i t h   t he   t e m p e r a t u r e   of  s a i d   e n g i n e   t h a t   s a i d   i g n i t i o n  

t i m i n g   is  more  r e t a r d e d   a t   h i g h e r   t e m p e r a t u r e   when  the   t e m -  

p e r a t u r e   of  s a i d   e n g i n e   is  h i g h e r   t h a n   a n o t h e r   p r e d e t e r m i n e d  

t e m p e r a t u r e   w h i c h   is  h i g h e r   t h a n   t he   p r e d e t e r m i n e d   t e m -  



p e r a t u r e .  

4.  In  a  m e t h o d   of  c o n t r o l l i n g   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   i n c l u d i n g   a  f u e l   c o n t r o l   means   f o r   c o n t r o l l i n g   f u e l  

s u p p l i e d   f rom  a  f u e l   i n j e c t o r   d i s p o s e d   to  i n t a k e   a i r   p a s s a g e  

to  s a i d   e n g i n e   in  a c c o r d a n c e   w i t h   i n t a k e   a i r   t a k e n   in  s a i d  

e n g i n e ,   an  a d d i t i o n a l   f u e l   s u p p l y   means   f o r   s u p p l y i n g   a d d i -  

t i o n a l   f u e l   to  s a i d   e n g i n e ,   an  i g n i t i o n   t i m i n g ' c o n t r o l   m e a n s  

f o r   c o n t r o l l i n g   i g n i t i o n   t i m i n g   of  t he   e n g i n e   and  an  i g n i -  

t i o n   t i m i n g   c o r r e c t i o n   means   f o r   c o r r e c t i n g   s a i d   i g n i t i o n  

t i m i n g ,  

s a i d   m e t h o d   of  c o n t r o l l i n g   s a i d   i n t e r n a l   c o m b u s t i o n  

e n g i n e   c o m p r i s i n g   t he   s t e p s   o f :  

s u p p l y i n g   a d d i t i o n a l   f u e l   a t   t he   t i m e   of  a c c e l e r a -  

t i o n ;   a n d  

c o r r e c t i n g   t he   i g n i t i o n   t i m i n g   in  a c c o r d a n c e   w i t h   t h e  

t e m p e r a t u r e   of  s a i d   e n g i n e   when  t he   a d d i t i o n a l   f u e l   i s  

s u p p l i e d   so  t h a t   i g n i t i o n   t i m i n g   is  more  a d v a n c e d   a t   l o w e r  

t e m p e r a t u r e   when  the   t e m p e r a t u r e   of  s a i d   e n g i n e   is  l o w e r  

t h a n   a  p r e d e t e r m i n e d   t e m p e r a t u r e .  

5.  The  m e t h o d   of  c o n t r o l l i n g   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   a c c o r d i n g   to  C l a i m   4,  s a i d   c o r r e c t i n g   s t e p   f u r t h e r  

i n c l u d e s   t he   s t e p   t h a t   t he   i g n i t i o n   t i m i n g   is  so  r e t a r d e d   i n  

a c c o r d a n c e   w i t h   t h e   t e m p e r a t u r e   of  s a i d   e n g i n e   t h a t   t h e  

i g n i t i o n   t i m i n g   is  more  r e t a r d e d   a t   h i g h e r   t e m p e r a t u r e   w h e n  

t h e   t he   t e m p e r a t u r e   of  s a i d   e n g i n e   is  h i g h e r   t h a n   a n o t h e r  

p r e d e t e r m i n e d   t e m p e r a t u r e   w h i c h   is  h i g h e r   t h a n   t he   p r e d e t e r -  

m i n e d   t e m p e r a t u r e .  
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